Sulfobromophthalein (BSP) is normally cleared from the blood by the liver and excreted into the bile. Brauer, Krebs and Pessotti (1) originally reported that part of the pigment appearing in dog bile was chromatographically different from the injected dye. Our studies using differenlt chromatographic techniques indicate that in man the bulk of the recovered pigments (65 to 75 per cent, according to estimates based on their absorption at 575 nu) consists of two metabolites. Similar metabolites are normally found in the urine and trace amounts also appear in the serum. The absorption spectra in the visible range and the indicator characteristics of BSP and the metabolic products were indistinguishable (2).
Sulfobromophthalein (BSP) is normally cleared from the blood by the liver and excreted into the bile. Brauer, Krebs and Pessotti (1) originally reported that part of the pigment appearing in dog bile was chromatographically different from the injected dye. Our studies using differenlt chromatographic techniques indicate that in man the bulk of the recovered pigments (65 to 75 per cent, according to estimates based on their absorption at 575 nu) consists of two metabolites. Similar metabolites are normally found in the urine and trace amounts also appear in the serum. The absorption spectra in the visible range and the indicator characteristics of BSP and the metabolic products were indistinguishable (2) .
The liver apparently is capable of producing the metabolites, since they have beeni demonstrated in bile from preparations of isolated rat liver perfused with BSP (3, 4) . Variations in the concentration of BSP metabolites in serum and urine of patients witlh liver disease are reported elsewhere (5) .
Since the chemical difference between the free dye and its metabolites elucidates in part the mechanismii of hepatic function involved in BSP clearance, characterization of this structural difference has received considerable attention. BSP is a derivative of phenolphthalein, therefore both compounds cotuld be excreted by the sanme patlhway, that is, by conjugation witlh glucuronic acid (6) . This mechanism for BSP clearance appears unlikely since the metabolites were stable to hydrolysis with 8-glucuronidase (4, 7) , with dilute acid and with dilute base, and gave a negative Dische reaction for uronlic acid (4) . Furthermiiore, both of the major metabolites in human bile were associated with ninhydrin-positive substances, * Supported by a grant (A-2455) from were sepa-acted positively with ninhydrin ( Figure 1 ). The 1-water sys-possibility that the conjugates were complexes bolites were with protein is unlikely, since most of the proteins and stored were either precipitated during the initial acetone I from eachi extraction of bile or held at the origin in the was treated chromatographic systems employed.
lities to the When BSP-A and BSP-C were eluted from-i e paper was the initial paper chromatograms and hydrolyzed 'er. in hydrochloric acid, ninhydrin-positive substances The chromatographic paper used in mlost of our studies contained considerable amounts of glycine and glutamic acid which were demonstrable only after acid hydrolysis. These impurities were substantially reduced by the described washing procedure. The electrophoretic mobility of bile-acetone extracts containing BSP were extensively studied with three systems using 0.25 AI acetic acid as the electrolyte: Durrum paper electrophoresis (15), hanging curtain electrophoresis (16) and starch block electrophoresis (17) . The patterns obtained with the three systems were essentially the same. Unconjugated BSP moved rapidly toward the anode; the ninhydrin-positive metabolites moved less rapidly toward the anode and were usually indistinguishable from each other; large quantities of ninhydrin-positive impurities remained at the origin or moved toward the cathode. For large-scale preparations, electrophoresis was eventually abandoned in favor of chromatography on alumina columns, followed by chromatography in the two systems, butanol-water and n-butanol-water-acetic acid. On three occasions, the molar ratio of BSP to ninhydrin-positive amino nitrogen (with cysteine as a standard) of each nmetabolite ranged from 0.8 to 1.2. Control bile purified by this proceduire was ninlhydrinnegative before lhydrolysis. Figure 2A shiows the results obtained after hydrolysis of the purified metabolites with hydrochloric acid. Glycine and glutamic acid were still found in the controls, as well as in the fractions containing the metabolites. When the concentrations of purified pigment were greater than 0.25 mg. per square cm., a faint ninhydrin-positive streak corresponding to cysteine was usually detectable in the BSP fractions but niot in the controls. The often reported (12) destruction of cysteine by hydrochloric acid was demonstrated when glutathione, a peptide containing glutamic acid, glycine and cysteine in equal quantities, was hydrolyzed in hydrochloric acid and chromatographed (Figure 2A) . At low concentrations so much of the cysteine was destroyed that only glycine and glutamic acid were detectable.
Hvdrolysis 7kith hydrobroiiiic acid
Some amino acids are comparatively stable during hydrolysis with hydrobromic acid (18) . Furtherniore, this reagent can be more effective than hydroclhloric acid in hydrolyzing mercaptides (19) . In the chromatographic patterns obtained after hydrobromnic acid hydrolysis, cysteine wras detectable as a discrete well-defined spot arising froli 1)oth BSP purified metabolites ( Figure 2B ). 
Raney-ntickel liydrogenolysis
Hydrogenolysis with Rainey-niickel breaks the carbon-sulfur bond in miiercaptide linkages (20) . If the BSP metabolites are conjugated with cysteine through the cysteine-sulfur bond, Raneyniickel treatment should result in the degradation of the cysteine and the release of desulfurated cysteine (alaiiine). Furtlhermore, since this treatment does nlot hydrolyze peptide bonds, the interference of amiino acids arising in the controls after hydrolysis with lhydrochloric acid or hydrobromic acid is eliminated. When either purified BSP-A or BSP-C was treated with Raney-nickel and the resultant product was chromatographed ( Figure  2C ), only one major ninhydrin-positive spot was detected. This material was chromatographically identical to alanine after two-dimensional chromatograplhy. There was no spot corresponding to desulfurated glutathione (the assuined product of BSP-glutathione degradation by Raney-nickel). No significant amount of ninhydrin-positive material was demonstrable in the controls after treatment with Raney-nickel.
Staining wit/ dich rontate-silver n?itrate Knight and Young reported that mercaptides and compounds with an available sulfhydryl group, when stained witlh potassium dichromate-silver nitrate, give a positive reaction characterized by an orange spot on a dark brown background (21) . Both BSP-A and BSP-C reacted positively, while similar fractions from control bile were negative.
Synthesis of BSP-amino acid compleXes
When BSP was incubated at 1200 C. with 14 differelit aminio acids, only cysteine (or cystine) produced a complex with the pigment.2 After elimination of unreacted BSP anid cysteine on the alumina column, the product contained BSP and cysteine in a molar ratio of 1 to 1. When chromatographed in tert-butanol-water, the BSPcysteine complex moved as two spots, corresponding in mobility to purified BSP-A and BSP-C, respectively. Both spots were ninhydrin-positive, stained witlh dichromate-silver nitrate and. produced alanine (identified by two-dimensional chromatography) after treatment with Raney-nickel. When the synthetic mixture was added to bile, the chromatographic pattern was identical to that of the natural products (Figure 3 
DISCUSSION
Hydrolysis of the BSP metabolites appearing in human bile with hydrobromic acid, treatment with Raney-nickel, and staining with dichromate-silver nitrate strongly suggest that BSP is excreted, at least in part, as conjugates containing cysteine. Synthetic complexes of BSP and cysteine have the same chromatographic mobilities as the natural metabolites.
The fact that hydrolysis of the metabolites with hydrochloric acid destroys most of the cysteine may explain why the presence of this amino acid was not noted by others (8, 10) and glutamic acid are involved in BSP metabolism, they may be either in combination with the cysteine as a peptide or exist as independent coIplexes with the same chromatographic mobility as BSP-cysteine mercaptide. In view of the numerous chromatographic systems employed in this study, the latter possibility is uinlikely. Furthermore, a conjugation of the acidic BSP molecule with glycine wouild most likely take place througl a peptide linkage, whiclh would result in a ninhydrin-negative compound. The association of cysteine, glycine and gltutamlic acid with the metabolites suggests that glutathione could be involved in BSP metabolism. Although it has never been satisfactorily demonstrated, glutathione has often been suggested as a precursor for cysteine conjugation (22, 23) . Bray (24) . Krebs (26) .
After the uptake of circulating BSP by the liver, a significant delay occurs before the pigment is secreted into the bile (27) . Apparently at least two processes, both of which may require active enzyme systems, are involved in the clearance of BSP. It is not inconceivable that the conjugation of BSP with cysteine or cysteine-containing peptides may be the rate-determining step for either the uptake of the dye by the liver or its eventual secretion into the bile.
SUM MARY
The two major ninhydrin-positive metabolites of sulfobromophthalein appearing in human bile were isolated by column and paper chromatography. Their chemical characteristics were studied as follows:
1. Hydrolysis of the purified metabolites with concentrated hydrochloric acid at 1200 C. revealed the presence of the amino acids, glycine, glutamic acid and possibly cysteine. Similar treatment of control bile containing no sulfobromophthalein also resulted in the appearance of considerable amounts of glycine and glutamic acid.
2. Hydrolysis of the metabolites with hydrobromic acid more clearly demonstrated the presence of cysteine, which was not detectable in the control bile after similar treatment. Both controls and metabolite fractions contained glycine and glutamic acid.
3. Treatment of bothi mietabolites with Raneynickel resulted in release of desulfurated cysteine (alanine). Controls were negative.
4. Staining with potassium dichromiiate-silver nitrate gave a positive reaction, indicating the presence of a mercaptide in the metabolites.
5. Synthetic complexes of BSP with cysteine, cystine or glutathione had the same chromatographic mobility as the two naturally occurring metabolites. Amino acids lacking the sulfhydryl group failed to form complexes.
6. It was concluded that BSP is excreted at least in part as a mercaptide witlh cysteine or the peptide glutathione.
